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Project Summary
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— Fuel cell vehicles require an
electrical motor driven compressor

— Existing HEVs employ two separate inverters
— Purpose of the project is to reduce the system cost
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Project Summary (cont’d.)

e Approach
— Use a two-phase motor for the compressor drive

— Integrate the compressor drive into the traction drive to
reduce part count by component sharing

Integrated Dual Inverter

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY UT-BATTELLE

Quarterly APEEM Update — January 2005 3



Project Summary (cont’d.)

e Expected Outcome

— An Integrated inverter that can reduce the drive system
cost by cutting the compressor inverter components count
by one-third

— Control schemes and testing data

e Timeframe

— Both mid-term for HEVs and long-term for fuel cell vehicles

e Relation to FreedomCAR and Other Projects
— ORNL thermal management project - floating loop
— Reduce FreedomCAR system level cost

e Funding
— $380K
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Objectives

e Objective and Goal

— Produce inverter hardware and analysis that will enable
guantitative evaluation of integrated inverter’s ability to
meet FreedomCAR needs

— Develop integrated power conversion topologies for motor
drives to reduce the size and cost of power electronics
systems for FCV/HEYV traction and accessory drives

e HVAC compressor drive is not included in the
~-reedomCAR 2010 targets and goals. This
oroject addresses the compressor drive’s

— Cost, more than a 30% reduction

— Size, a 30% reduction
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FY 2004 Progress/Results

e Progress since June 2004 review

— Rewound a three-phase 3 hp induction motor into a
symmetrical two-phase motor

— Completed system testing with the symmetrical two-phase
motor
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Main motor: 85 N-m, 550 rpm

Two-phase motor: 11 N-m, 1000 rpm
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FY 2004 Progress/Results (cont’d.)

Accomplishments
— Completed simulation study
— Fabricated a prototype inverter
— Rewound a symmetrical two-phase induction motor
— Completed system testing on induction motors

e All milestones for FY 2004 were met
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FY 2005 Plan

e Major Tasks

— Design, build, and test inverter prototype for dual PM motor
drive, 75 kW / 5 kW, utilizing the latest trench-gate IGBTs

— Develop position sensorless technology for two-phase PM
motor control

e Expected Progress/Results this Year

— Simulation study on sensorless technology for two-phase
PM motor control, 02/28/05

— Simulation study on the integrated inverter for dual PM
motor drive, 03/31/05

— Integrated inverter test results with PM motors, 09/30/05

e Milestones and Schedule
— Integrated inverter test results with PM motors, 09/30/05
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FY 2005 Progress to Date

e First Quarter Progress
— Purchased and received a 8kW/2000rpm PM motor

— Purchased and received a 5.5kW/4000rpm PM motor
(to be rewound into a two-phase motor)

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY UT-BATTELLE
Quarterly APEEM Update — January 2005 9




FY 2005 Progress to Date (cont’d.)

e First Quarter Progress (cont’d.)

— Purchased and received three six-pack IPM modules from
Powerex — latest trench gate 600V/600A IGBTs

— Started simulation work on the position sensorless control of
the two-phase motor

— Started DSP board design
e No delays or changes in the execution plan

e Major Technical Accomplishments and Milestones
— Two-phase PM motor simulation model
— Three-phase PM motor model
— No milestones planned during the 18t quarter
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Future Plans Beyond FY 2005

e Continue development of topology and control
technology for increasing PM motor power
density

e Continue integration of power electronics
system including inverter, dc/dc converter, and
energy storage devices for fuel cell powered
vehicles
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